A Pasteurella haemolytica-like organism was isolated from the intestines of 28 swine with clinical, gross, or microscopic evidence of enteritis. In 15 cases, other known enteric pathogens were also demonstrated, and in 13 cases, no other pathogens were detected. The mean age of affected animals was 44 days. Most of the animals had clinical evidence of diarrhea. Gross enteric lesions were present in 17 of 21 cases. Microscopic lesions were present in 24 of 26 cases. A diffuse or segmental moderate to severe necrotizing enteritis was the most common lesion in cases in which only the Pasteurella haemolytica-like organism was isolated. Biochemical tests gave results consistent with Pasteurella haemolytica, and 5 of 15 isolates met criteria for biotype A. Negative results were found with an indirect haemagglutination procedure for P. haemolytica.
Enteritis in neonatal and growing swine may be caused by a variety of etiologic agents, including viruses, bacteria, and protozoa. Infections may involve a single agent or multiple agents. Often, primary infections caused by 1 pathogen are complicated by secondary infections by other organisms that may or may not have the ability to cause disease as primary pathogens. In 1 study on necrotic enteritis in nursing piglets, Pasteurella aerogenes and/or P. haemolytica were isolated from 32 of 81 cases, although their significance as unclear. 1 In another report, P. haemolytica was isolated from a pig with septicemia. 3 In this retrospective study, we describe the clinicopathologic and microbiologic features of a P. haemolytica-like bacterium isolated alone and in conjunction with known pathogens from intestines of young pigs with enteritis.
Materials and methods
Case selection. Records of 28 swine cases submitted to the Murray State University Breathitt Veterinary Center were selected for this study based on isolation of a P. haemolyticalike bacterium from the intestines. Case material included live and dead animals as well as necropsy-derived tissue samples (fresh and formalin preserved) submitted by referring veterinarians. Routine necropsy procedures were followed, and tissues for bacteriologic, virologic, parasitologic, and histologic studies were taken at the discretion of the attending pathologist.
Histopathology. Tissues for microscopic examination were Received for publication January 4, 1991. fixed in phosphate-buffered 10% formalin, processed in an automated tissue processor, embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin. Bacteriology. Segments of the distal portion of the jejunum or the ileum as well as liver and lung of all 28 cases were cultured aerobically for bacteria on 5% sheep blood agar plates (tryptose soy agar base) and eosin methylene blue agar a plates. In some cases, other tissues were also cultured. After overnight incubation at 37 C in 6-8% CO 2 , small grey moist colonies approximately 1 mm in diameter with a distinct zone of beta hemolysis were selected. Pure cultures from sheep blood agar were used to inoculate media for biochemical identification of 15 isolates. Laboratory tests used to identify the isolates included motility check, gas and acid from glucose, production of catalase, oxidase, and urease, growth on MacConkey agar, citrate utilization, nitrate reduction, reaction in triple sugar iron agar, and esculin hydrolysis. Also, oxidation and/or fermentation of trehalose, arabinose, and raffinose and decarboxylation of lysine and omithine were determined by standard procedures 4 . Darkfield microscopy and culture techniques for Treponema hyodysenteriae were performed on selected cases.
Serology. Serologic characterization of the organism was accomplished by an indirect haemagglutination (IHA) procedure. 2 Parasitology. Fecal samples were examined by flotation techniques for parasite ova and coccidial oocysts.
Virology. Fecal samples were examined by negative contrast electron microscopy for virus particles and by an enzyme-linked immunosorbent assay technique for rotavirus. b Tissue culture isolation and fluorescent antibody tests for transmissible gastroenteritis (TGE) virus were performed in selected cases.
Case histories

Results
All affected swine were crossbreeds from commercial operations. Age at death ranged from 2 days to 150 days (X = 44 days). Both genders were represented. Clinical signs reported by the owner or referring veterinarian were yellow, white, or green diarrhea (16 cases), hemorrhagic diarrhea (5 cases), chronic watery diarrhea (1 case), acute death (3 cases), and weakness/ dehydration (2 cases). 
Pathologic findings
Gross postmortem findings were reported in 21 cases. Enteritis was diagnosed in 17 cases, which were further characterized as diffuse mild or moderate mucoid enteritis (7 cases), diffuse moderate to severe necrotizing enteritis (5 cases), segmental moderate to severe necrotizing enteritis (3 cases), and diffuse severe hemorrhagic enteritis (2 cases). No gross lesions were observed in 4 cases.
Microscopic lesions generally paralleled the gross lesions and, in those cases where a known pathogen was detected, correlated well with lesions commonly attributed to those pathogens.
Microscopic lesions in cases from which only the P. haemolytica-like bacterium was isolated varied from undetectible to severe diffuse necrosis of most of the intestinal mucosa. One case had mild hemorrhagic enteritis, and 8 cases had diffuse or segmental mild to severe necrotizing lesions in the small intestine. Necrosis of mucosal epithelial cells was often most severe on the villus tips and extended along the sides of the villi for one-third to one-half their length. Necrosis of cells in the underlying lamina propria was often present. The lamina propria contained a moderately dense population of mononuclear cells and occasional neutrophils. Necrotic debris and bacteria were adhered to the denuded surfaces of the villi in severe cases, and the Gram stain revealed these bacteria were mostly gram-negative coccobacilli. Fewer gram-positive cocci and bacilli were also present. The small intestinal crypts were generally spared or contained a few sloughed epithelial cells. The Peyer's patches were normal or moderately hyperplastic in most cases and were hypocellular and depleted of small mature lymphocytes in a few cases.
These colonies were approximately one-half the size of P. haemolytica colonies from bovine sources and had a larger zone of beta hemolysis. The bacteria were pleomorphic gram-negative bacilli.
Colonic lesions, as well as lesions in the small intestine, were present in 4 of 13 cases with only P . haemolytica-like isolates. Microscopic lesions in the spiral colon were similar to those in the small intestine but were less severe. Necrosis of small clusters of epithelial cells was restricted to the surface of the colonic mucosa. The lamina propria contained small to moderate numbers of mononuclear cells.
Biochemical tests performed on 15 isolates yielded results consistent with P. haemolytica 5 (Table 1 ). All isolates were positive for catalase, oxidase, and nitrate reduction. One of 15 isolates was positive for urease. All isolates were negative for citrate, esculin hydrolysis, and indole. All isolates produced acid from D-glucose, D-mannitol, sucrose, and D-Xylose. Variable results were obtained for L-arabinose (8/15 isolates), lactose (12/ 15 isolates), maltose (12/ 15 isolates), raffinose (13/15 isolates), salicin (2/ 15 isolates), D-Sorbitol (6/ 15 isolates), and trehalose (7/ 15 isolates). None of the isolates produced acid from dulcitol. Ten isolates did not meet criteria for biotypes A or T; 5 isolates met criteria for biotype A.
Bacteriologic findings
The P. haemolytica-like bacterium was isolated from only the intestines in 19 of the 28 cases. In the other 9 cases, it was also isolated from the lungs (7 cases), liver (1 case), nasal cavity (1 case), and meninges (1 case). On sheep blood agar, the organism produced small, In 11 cases, 1 or more known bacterial pathogens grey, round, smooth, slightly raised, moist colonies were also isolated or identified in the intestines in adwith a distinct zone of beta hemolysis at 24 hours. dition to the P. haemolytica-like bacterium. These pathogens included beta hemolytic Escherichia coli, diffuse in others. The majority of the lesions were con-Salmonella serovars, Campylobacter mucosalis, and sidered moderate to severe. Treponema hyodysenteriae.
Other laboratory findings
Pathogenic viruses (TGE virus, rotavirus), coccidia (Zsopora suis), or helminths (Trichuris suis) were identified in 7 cases, 3 of which also had 1 of the bacterial pathogens noted above.
Antigens prepared from the P. haemolytica-like isolates did not react with type-specific rabbit antisera against P. haemolytica (capsule types l-l 2) when tested by an IHA procedure. 3
Discussion
Pasteurella species are well-recognized pathogens of the respiratory system of several species of animals and have been incriminated as enteric pathogens as well. 4 Pasteurella haemolytica causes ulcerative gastritis, enteritis, and septicemia in lambs. 4, 6, 7 The disease begins as a gastrointestinal infection that ulcerates areas in the abomasum, small intestine, cecum, or colon. 7 The organism can be isolated from tonsils and nasopharynx of normal sheep and causes disease under conditions of stress or concurrent infection with other pathogens. 4 Biotype A(4) is associated with septicemia in young lambs, and biotype T is associated with septicemia in adult sheep. 4 Pasteurella aerogenes and P. haemolytica have been isolated from nursing piglets with necrotic enteritis. 1 Pasteurella aerogenes is usually associated with viral or coccidial infections, and its significance as a pathogen is unclear.
In this study, the role of the P. haemolytica-like bacterium was unclear in some instances because known enteric pathogens were found in 15 of the 28 cases and the gross and microscopic lesions in these cases were
Review of the case records did not reveal evidence of antibiotic therapy that might have hampered culture of other pathogens. The presence of an unidentified bacterial or viral pathogen that predisposed the animals to infection by the P. haemolytica-like organism seems unlikely. The role of stress and its associated immunosuppression could not be ascertained from the case material available.
The organism was isolated from the intestines alone in 19 of the 28 cases. In the other 9 cases, it was also isolated from the lungs (7 cases) and from the liver, nasal cavity, and meninges (1 case each). Presence in the respiratory tract suggests this organism is commensal but under unusual circumstances causes disease and possibly enters the gastrointestinal tract via swallowing of nasal or tracheal secretions. If this were the case, however, more frequent isolation from the respiratory tract than the intestines would be expected; this has not been our experience. Furthermore, we have not associated the presence of the organism in the respiratory tract or other nonenteric tissues with gross or microscopic lesions.
Biochemical tests gave results consistent with P. haemolytica, but in 10 of 15 isolates, the results did not match established criteria for biotypes A or T. Furthermore, antigen prepared from the P. haemolyticalike organism did not react with type-specific antisera for capsule types 1-12. Thus, the bacterium resembles P. haemolytica biochemically but may differ significantly in its antigenic characteristics.
Further characterization using DNA homology studies, gas chromatography analysis, outer membrane protein analysis, plasmid profiling, and experimental reproduction of the clinical disease is in progress.
Sources and manufacturers
generally consistent with lesions commonly attributed a. Difco Laboratories, Detroit, MI. to each of these known pathogens. However, the inb. Rotazyme II, Abbott Laboratories, Chicago, IL. testinal lesions seen in some cases of concurrent infections were generally severe enough to incriminate this undefined bacterium. For example, both cases from which TGE virus was isolated had greater mucosal necrosis than usually seen in uncomplicated TGE virus infections.
The gross and microscopic lesions in the 13 cases from which no other potential pathogens were isolated suggest that the P. haemolytica-like organism was a significant primary pathogen. Although 2 of these cases had no observed microscopic lesions, the remaining cases had a variable amount of hemorrhagic or necrotizing enteritis that was segmental in some cases and
